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Highly sensitive receivers are used to
detect minute amounts of emitted elec-
tromagnetic energy. Calibration of
these receivers is vital to the accuracy of
the measurements. Traditional calibra-
tion techniques depend on calibration
reference internal to the receivers as
reference for the calibration of the ob-
served electromagnetic energy. Such
methods can only calibrate errors in
measurement introduced by the re-
ceiver only. The disadvantage of these
existing methods is that they cannot ac-
count for errors introduced by devices,
such as antennas, used for capturing
electromagnetic radiation. This se-
verely limits the types of antennas that
can be used to make measurements
with a high degree of accuracy. Com-
plex antenna systems, such as electron-
ically steerable antennas (also known as
phased arrays), while offering poten-
tially significant advantages, suffer from
a lack of a reliable and accurate calibra-
tion technique.

The present innovation provides a
method to perform an end-to-end cali-
bration of a radio frequency (RF) re-
ceiver system comprised of an antenna
and a receiver. Traditional calibration
techniques cannot eliminate errors in

measurement introduced by variations
in antenna characteristics. The pro-
posed invention provides a method to
quantify the instantaneous, as well as
long-term, variations in antenna charac-
teristics. This technique will enable im-
proved accuracy in measurements made
using passive receiver systems and
phased array systems in particular, by
monitoring the performance of the an-
tenna array by measuring the gain of the
antenna electronics in real time.

The proximity of antenna elements in
an array results in interaction between
the electromagnetic fields radiated (or
received) by the individual elements.
This phenomenon is called mutual cou-
pling.  The new calibration method uses
a known noise source as a calibration
load to determine the instantaneous
characteristics of the antenna. The noise
source is emitted from one element of
the antenna array and received by all the
other elements due to mutual coupling.
This received noise is used as a calibra-
tion standard to monitor the stability of
the antenna electronics.

The proposed calibration technique
makes use of five measurements. These
are observations of an internal warm
load, cold load (both internal to the ra-

diometer/receiver), the scene of inter-
est, the scene of interest with the noise
source emitted from the center element
of the antenna array, and a known noise
source injected directly into each ele-
ment of the antenna array. The noise
source, coupled from the central ele-
ment in the array to all other elements
in a square array will be symmetric. With
the noise source being emitted from the
central element, the mutually coupled
signal will be received on the other an-
tenna elements, combined, and used as
a calibration signal to monitor any
change in the RF components (low-
noise amplifiers, phase shifters, attenua-
tors, and power combiners) in front of
the radiometer. Based on these observa-
tions, a calibrated estimate of the scene
can be obtained.
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A novel cognitive computing archi-
tecture is conceptualized for processing
multiple channels of multi-modal sen-
sory data streams simultaneously, and
fusing the information in real time to
generate intelligent reaction se-
quences. This unique architecture is ca-

pable of assimilating parallel data
streams that could be analog, digital,
synchronous/asynchronous, and could
be programmed to act as a knowledge
synthesizer and/or an “intelligent per-
ception” processor. In this architecture,
the bio-inspired models of visual path-

way and olfactory receptor processing
are combined as processing compo-
nents, to achieve the composite func-
tion of “searching for a source of food
while avoiding the predator.” The archi-
tecture is particularly suited for scene
analysis from visual data and odorant
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